birth suggests that the presence or absence of renal function in utero is otherwise irrelevant and that the placenta is probably responsible, even under normal circumstances, for maintenance of foetal homoeostasis (Potter 1952, Bain and Schott 1960) .
GLOMERULAR FUNCTION
In 1940 Barnett showed that the glomerular filtration rate (GFR) of infants was low compared to adults, even when corrected for surface area, height, weight or kidney weight. Many factors probably contribute to this reduction. High intrarenal vascular resistance has been shown in piglets and, comparing renal blood flow to cardiac output, during the first six weeks of life a 90 per cent decrease of this vascular resistance occurred (Grushkin, Edelmann and Yuan 1970) . Again, in the piglet between day 1 and day 56 of life micropuncture data have shown that the decrease in vascular resistance occurs at the afferent arteriolar level. and as a result of both an increase in systemic arterial pressure and the decrease in arteriolar resistance transglomerular capillary pressure increases by 100 per cent (Spitzer 1970) .
As juxtamedullary nephrons mature earlier than more superficial nephrons, a difference in GFR between nephrons from the two areas might be expected, and in young rats a 2 to 4 fold greater GFR has been shown for the deeper nephrons (Horster and Thurau 1968) . As this difference cannot be explained solely on the basis of nephron size and perfusion pressure, a higher glomerular permeability of the deeper, more mature glomeruli has been postulated. Gross studies of overall clearance of macromolecules by newborn and adult kidneys indicate a lower permeability of the immature nephron (Grotte, Arturson and Malmburg 1968 , Hulme and Hardwicke 1968 , Mogensen 1968 ).
Actual G FR in the first few weeks of life is 6-7 ml/min, and by the end of the first year of L. 1'. Ruy life is usually no higher than 30 ml!min. Corrected GFR at various ages is shown in Table 1 . In infancy, adjustments of the doses of drugs excreted primarily by the kidney are based, therefore, not only on size but in respect of the relativelv low G FR In view of the variable rates "of maturation determinations of the serum levels of drugs should be obtained, where possible, to assist in determining these adjustments. REXAL BLOOD FLOW l;"ing inert radioactive gas washout techniques, Jose et al. (1970) have shown that, in puppies, the ratio of medullary blood flow to cortical blood flow is relatively greater than in adult dogs. Studies of the vascular anatomy of the human foetus and infant by Ljungquist (1963) also suggest that medullary and juxtamedullary circulation develops at a more rapid rate than that of the outer cortex. :250-450 400-500 400-500 i,(JO-600 500-600 500-700 600-700 650-1,000 800-1,200 1,000-1,;',00
Table compiled from data in l\elson. lextbook of Pcdiatrics, 9th edition (1969), \Vinberg (I!J59), Barnett (1940) , Geisert et al. (1961l) .
It must be remembered, however, that an intricate relationship exists between GFR and tubular function, and that as early as 19-18 West, Smith and Chasis suggested that, in infancv, functional imbalances existed between the gl~meruli and the tubules with glomerular preponderance. Although G FR in infancy is low even when compared to tubular volume (Fetterman et al. HI6f») functional studies reveal relative glomerular preponderance as illustrated by decreases, relative to GFR, in maximal reabsorption of glucose, maximal excretion of PAH and decreased tubular threshold for amino acids, phosphate and bicarbonate (Tudvad l!WI, West, Smith and Chasis 1948 , JIcCrorv et al. 19.52, Edelmann et al. 1967 , Brodelll and Gellissen 1968 . These observations of relatively high GFR in infancy may be seen to parallel the findings of Bricker et al. (1965) in studies of chronic renal failure in man and in experimental animals. The functional pattern of the immature kidney may be due, in part, to glomerulotubular imbalance.
These observations may explain the relatively high capacity of the immature kidney to retain salt and water under conditions of deprivation and the comparatively limited ability to excrete a saline load.
There is evidence to suggest that, in man, an increase in cortical blood flow is associated with increased sodium excretion (Horster and Thurau 1968) . Increased juxtamedullary blood flow has been shown during laparotomy and mobilization of the kidney and probably in salt and water deprivation (Rosen et al. ] 967, :\loffat 1968 , Rosen et al. 1968 .
In view of the limitations of GFR and tubular function in infancy, it should be recalled that renal blood flow is decreased by adrenaline and noradrenaline; small doses (in the range of 0·2-0·3 [J.g/kg/min) do not affect GFR, while large doses can result in markedly reduced renal function (Werko et al. 195] , Balint and Chatel 1967).
Isoproterenol has not been shown to have a major effect on renal blood flow or function (Schirmeister et al. 1966) . In A lIaesthesia alld IlItolsive Care, Vol. I, No. 6, 1\'ovember, 1973 addition renal vascular resistance is increased by high Pa0 2 levels, and in the cat levels greater than 220 mm Hg lead to an irreversible increase (Lockett 1967) .
TUBULAR FUNCTION

Sodium Transport
Proximal tubular sodium reabsorption is generally proportional to the filtered sodium load. The mechanism of this relationship is not adequately explained by changes in GFR or proximal tubular geometry and recent work has dealt with the effect of peritubular factors including concentration of sodium in interstitial tissue, hydrostatic pressure and onc otic forces (Daugharty et al. 1968, Lewy and Windhager 1968) . Recent studies, using micropuncture and microperfusion techniques, have shown a direct linear relationship between proximal tubular sodium and water reabsorption and postglomerular intravascular oncotic pressure (IlEA), together with evidence that the reduced sodium reabsorption associated with reduction in GFR is mediated at least in part by IlEA (Brenner et al. 1969 , Spitz er and Windhager 1970 , Brenner et al. 1973 .
The relationship of these studies to man and immature animals has not been extensively studied, but it may be that the low reabsorptive capacity of the immature kidney is due, in part, to the smaller interstitial spaces of the immature kidney, and lower permeability of the proximal tubular membrane, and the low intravascular colloid osmotic pressure of the neonate. The possibility of low activity of enzymes associated with sodium transport in the developing kidney has not yet been studied.
The infant is deficient in his ability to respond to salt loading or salt depletion, particularly the former, possibly because the later maturation of the cortical nephrons relative to the juxtamedullary nephrons with their long loops of Henle result in later maturation of saline diuresis than capacity for sodium reabsorption. Infants from five to seven months of age have been found to go into positive sodium balance when presented with more than 50 mEq of sodium per day (Whitten 1969) .
Intravascular volume expansion results in reduced sodium reabsorption at the proximal tubule. This occurs even with hypotonic saline infusions, which are the usual fluid used in maintenance intravenous therapy. Initially the distal reabsorptive mechanisms retain the sodium rejected by the proximal tubule, but eventually, as shown by Stein et al. (1967) , this mechanism fails. It is apparent from the range of sodium content of various infant formulas that babies can adjust to a relatively wide range of sodium intake. However, quantitative data on maximum and minimum tolerances in health and disease are not available.
Acid-base Control
Infants are customarily considered to be in a state of " physiologic acidosis" as they maintain a lower arterial pH than older children (mean values: infants, 7 ,34; children, 7 ·41) and lower serum bicarbonate concentrations (mean values: infants, 20 mMolesjl.; children, 25 mMolesjl.) (Edelmann et al. 1967) . Urinary acidification is limited in the first one or two weeks of life, but thereafter is comparable with adults (McCance and von Finck 1947; Gordon, McNamara and Benjamin 1948) . Very young infants have low phosphate excretion and this limits titratable acid formation. If given additional phosphate, the excretion of titratable acid increases (Hatemi and McCance 1961) . Problems exist in presenting infants with chronic phosphate loads as this would lead to hyperphosphataemia and hypocalcaemia. The ability to excrete ammonium is also limited in the first weeks of life, but ability to respond to an ammonium chloride load is achieved by one month of age (Edelmann et al. 1967) .
It thus appears that the persistent" acidosis" during the first year of life is not due to an innate inability to excrete hydrogen ion.
The lower bicarbonate level of infants has been shown to be due to a decreased renal threshold for bicarbonate excretion and recent studies on suckling puppies, who have the same " physiologic acidosis" as human infants, have shown they are able to increase their renal tubular threshold for bicarbonate to adult levels in response to extracellular volume contraction (Edelmann et al. 1967 , Moore et al. 1972 ). It appears probable, therefore, that the low threshold for bicarbonate in the infant is related to the low fractional reabsorption of sodium and that the progressively increasing threshold for bicarbonate may reflect growth and development of the proximal tubule.
Urinary Dilution and Concentration
Critical to these functions are the permeability characteristics of various segments of the nephron, the availability of, and response of the nephron to, antidiuretic hormone (ADH), the length of the loop of Henle and the rates of excretion of electrolytes and urea.
L. P. Roy
The problems of the' immature kidney, in this area, are two:
First, in the first three to five days of life there is failure to respond to an acute water load (Ames 1953) . After that time ability to dilute to a mature degree (i.e. 50 mOsmjkg) is achieved, although the rate of urine flow in response to a water load is not as great as in the adult and the infant ceases to excrete water at an accelerated rate before the full load is excreted (:\IcCance, Naylor and \\'iddowson 19.54). Thus, the infant is still at risk from the injudicious administration of water.
Second, the infant has limited capacity to produce a concentrated urine in relation to older children and adults (Calcagno, Rubin and Weintraub 1954) . Infants can concentrate their urine to 700 mOsm/kg, whereas older children and adults can reach 1,200 mOsmjkg. This is not a simple developmental delay, but reflects several factors, the most significant of which is that the intensely anabolic infant has a low rate of urea excretion, but if fed urea or a very high protein diet, a marked increase in concentrating ability is achieved (Edelmann and Barnett 1960) .
The status of ADH is somewhat obscure. Early studies suggested newborns had a fully functioning neurohypophysis, but in recent studies Janousk)', Martinek and Stanincov3 (1965) were unable to detect plasma antidiuretic activity in infants younger than three and a half months of age. The capacity of the distal tubule to respond to ADH may be limited in infancy, but this question is also not resolved. It is possible, on the basis of Yunibhand and Held's (1965a, 1965b) studies on immature rats, that the rate of sodium reabsorption by the ascending limb of the loop of Henle may not reach mature levels until some time after birth, with resultant delay in establishing a medullary concentration gradient.
The delay in maturation of renal concentrating ability is not considered to be of major clinical importance when considering the small volume of water which would be conserved by a fully mature concentrating ability relative to the large non-renal losses of the dehydrating stresses (Edelmann and Spitzer 1969) .
